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Abstract 


This  report  documents  an  investigation  of  a  hypothesis, 
based  on  a  receptive  field  model  of  the  visual  system, 
proposing  that  the  receptive  field  organization  changes  in 
response  to  a  change  in  the  average  luminance  of  the  visual 
stimulus. 

Foveal  measurements  of  sinusoidal  spatial  frequency 
contrast  sensitivity  over  the  range  of  2  to  10  cycles  per 
degree  were  made  using  a  two  period  forced  choice  stimulus. 
Measurements  were  made  at  one  luminance  level  while  subjects 
adapted  to  a  6  cycle  per  degree  sinusoidal  grating  of  the 
same  or  different  average  luminance.  The  two  luminance 
levels  used  were  3.50  and  35.0  ft.  lamberts  • 

Testing  with  adaptation  at  the  same  luminance  produced 
a  depression  in  the  contrast  sensitivity  centered  over  the 
adapting  spatial  frequency.  Adapting  with  a  different 
average  luminance  level  failed  to  produce  a  shift  in  this 
depression.  ,  Results  obtained  for  tests  without  adaptation 

N 

provide  evidence,  however,  that  a  change  does  occur  in  the 
visual  system  as  a  result  of  a  change  in  average  luminance. 
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AN  EXPERIMENTAL  STUDY 
OF  SPATIAL-FREQUENCY-SPECIFIC 
ADAPTATION  EFFECTS  IN  THE 
HUMAN  VISUAL  SYSTEM 


I«  Introduction 

Purpose 

The  main  objective  of  this  thesis  is  to  investigate  an 
experLmental  hypothesis  based  on  a  center- surround  receptive 
field  model  of  the  human  visual  system.  This  receptive  field 
model  leads  to  the  prediction  that  the  known  spatial-frequency- 
specific  adaptation  depression  in  the  contrast  sensitivity 
curve  will  shift  (to  a  higher  or  lower  spatial  frequency) 
when  the  test  stimulus  average  luminance  differs  from  that  of 
the  adapting  frequency  (Ref  3).  The  specific  purpose  of  this 
investigation  is  to  determine  experimentally  if  the  predicted 
shift  occurs  and  if  so  to  quantify  it  in  terms  of  the 
luminance  change. 

Background 

The  susceptibility  of  the  human  visual  system  to 
irreversible  damage  precludes  the  use  of  invasive  techniques 
to  investigate  and  quantify  its  operation  and  response.  As 
a  result,  most  in  vivo  investigations  of  the  human  visual 
system  are  psychophysical  in  nature.  Presenting  carefully 
controlled  stLmuli  to  a  subject’s  visual  system  and 
observing  the  subject's  response,  the  investigator  attempts 


to  describe  the  visual  system  in  terms  of  these  stimulus- 
response  relationships. 

In  conducting  a  psychophysical  experiment,  attention 
must  be  given  to  careful  control  of  both  the  stimulus  and  the 
observer's  criterion  for  response  if  any  quantitative  state¬ 
ments  are  to  be  made  concerning  the  results.  Failure  to 
adaquately  control  either  of  these  parameters  can  result  in 
inconsistent,  incorrect,  and  inconclusive  data. 

There  are  myriad  stimuli  that  might  be  used  in  an  attempt 
to  determine  the  characteristics  of  the  two  dimensional 
receptive  field  of  the  human  visual  system.  While  many 
different  stimuli  have  been  used,  none  has  gained  as  much 
attention  as  the  sinusoidal  grating  pattern.  Because  of  the 
simplicity  of  their  generation  and  analysis,  they  have  been 
used  for  over  30  years  in  visual  research  (Ref  7:107).  The 
set  of  sinusoidal  grating  patterns  of  infinite  extent  at  any 
frequency  and  any  orientation  form  an  orthogonal  set  of 
functions  in  two  spatial  dimensions.  Hence,  any  two  dimen¬ 
sional  spatial  pattern  can  be  expressed  as  a  sum  of  sinusoidal 
gratings  of  the  proper  orientation,  amplitude  and  frequency. 

The  orthogonal  property  of  sinusoidal  gratings  allows 
any  complex  visual  scene  to  be  expressed,  via  Fourier  analysis, 
in  terms  of  a  summation  of  sinusoidal  gratings.  Thus  any 
results  from  investigations  of  the  visual  system  using  sinus¬ 
oidal  gratings  can  be  readily  applied  to  the  analysis  of 
more  complex  stimuli  provided  only  that  the  visual  system  can 
be  modeled  as  a  linear  system. 

Campbell's  evidence  suggests  that  the  entire  visual 
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system  can  be  modeled  via  linear  analysis  (Ref  2:552),  with 
the  possible  exception  of  low  spatial  frequencies.  Campbell 
demonstrated  that  Fourier  analysis  of  complex  stimuli  and  the 
measured  responses  to  sinusoidal  gratings  can  be  used  to 
correctly  predict  visual  system  response  to  a  wide  range  of 
stimuli  (Ref  1:188). 

Therefore,  sinusoidal  gratings  form  a  set  of  stimuli  that 
can  be  used  effectively  to  quantitatively  describe  the 
response  characteristics  of  the  human  visual  system.  They  are 
the  stimuli  that  are  used  in  this  investigation. 

A  sinusoidal  grating  as  shown  in  figure  1  is  typically 
described  in  terms  of  its  spatial  frequency  and  contrast. 

Its  frequency  is  described  in  terms  of  the  number  of  cycles 
subtended  per  degree  of  visual  field.  The  contrast  of  the 
sinusoidal  grating  is  defined,  after  Michelson  (Ref  10),  in 
terms  of  the  maximum  and  minimum  luminance  levels  as 

L  L  . 

- - -  ^  _  max  -  min  L 

Contrast  =  t «  wr 

max  +  in  in  Lavg 

This  is  the  definition  of  contrast  that  is  used  throughout 
this  research  and  report.  In  addition,  contrast  sensitivity 
is  defined  as  the  reciprocal  of  the  contrast  at  threshold. 

The  results  of  measuring  visual  contrast  thresholds  for 
sinusoidal  gratings  in  this  research  are  reported  in  terms  of 
contrast  sensitivities. 
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Fig.  1.  Luminance  Profile  of  a  Sine  Wave  Grating 
(a)  Sinusoidal  Grating,  (b)  Luminance 
Grating  (Adapted  from  Ref  16:3) 


II.  Experimental  Hypothesis 


The  experimental  hypothesis  on  which  this  research  is 
based  was  originally  proposed  by  Carl  and  studied  in  a 
master's  thesis  by  Scheidegg  (Ref  16:32).  The  hypothesis  is 
also  described  in  some  detail  by  Smith  in  his  master's  thesis 
(Ref  17:24-28,  which  followed  the  work  of  Scheidegg.  Only  a 
brief  description  of  the  hypothesis  is  included  here  for  the 
sake  of  clarity  and  continuity  of  this  report.  The  interested 
reader  is  referred  to  Smith  and  Scheidegg  for  a  more  detailed 
discussion. 

Carl  has  proposed  that  the  frequency  specific  adaptation 
depression  in  the  contrast  sensitivity  response  will  shift  in 
frequency  when  a  subject  is  adapted  at  one  luminance  level 
and  tested  at  a  different  luminance  level.  This  hypothesis 
is  based  on  a  center- surround  receptive  field  model  of  the 
visual  system  in  which  the  receptive  field  organization  is 
dependent  on  the  average  luminance  of  the  visual  field 
(Ref  5:949-951).  Based  on  this  model  he  proposed  that  the 
frequency  specific  adaptation  depression  would  shift  to  a 
higher  spatial  frequency  if  the  visual  system  is  adapted  at 
a  low  luminance  and  tested  at  a  higher  luminance  level. 

Figure  2a  and  b  illustrates  this  hypothesis.  Figure  2a 
shows  the  frequency  specific  adaptation  depression  of  a  typical 
modulation  transfer  function  (MTF)  curve  for  a  high  luminance 
6  cycle  per  degree  (CPO)  adapting  grating  and  high  test 
luminance.  Figure  2b  represents  the  shift  in  the  adaptation 
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Contrast  Sensitivity  Contrast  Sensitivity 


(a) 


Fig.  2  The  Proposed  Effect  of  Luminance  Level  Changes  on 
the  Frequency  Specific  Adaptation  Depression  of  an 
MTF  Curve  Testing  at  a  High  Luminance  L  evel  and 
Adapted  to  a  6  CPD  Grating  at  (a)  a  High  Luminance 
Level  and  (b)  a  Low  Luminance  Level 
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depression  resulting  from  adapting  at  a  low  luminance  and 
testing  at  a  high  luminance.  The  bold  curves  in  both  figures 
represent  the  actual  MTF  curve  while  the  thin  curves  under¬ 
neath  represent  the  response  of  the  frequency  specific 
populations  of  center  surround  receptive  fields. 


7 


III.  Apparatus 


Basic  Equipment 

The  equipment  used  In  this  research  was  designed  and 
built  during  previous  thesis  efforts  at  the  Air  Force  Institute 
of  Technology  for  the  specific  purpose  of  measuring  the  con¬ 
trast  sensitivity  of  the  human  visual  system.  The  original 
design  and  subsequent  modifications  of  the  equipment  are 
described  by  Nystrom  (Ref  12),  Hannickel  (Ref  6),  Quill 
(Ref  15),  Scheidegg  (Ref  16),  and  Smith  (Ref  17)  in  their 
respective  theses.  Smith  has  included  a  system  diagram  and 
table  which  indicates  the  original  design,  modifications  and 
the  configuration  at  the  time  of  his  work  for  each  major  part 
of  the  equipment  (Ref  17:101). 

A  system  diagram  for  this  equipment  is  shown  in  figure  3. 
It  includes  the  major  equipment  components  and  their  inter¬ 
connections.  The  direction  of  signal  flow  is  indicated  on 
each  interconnection  but  the  actual  signal  names  and/or  number 
of  connections  is  not  included. 

As  shown  this  equipment  consists  of  the  subject  inter¬ 
faces  (a  modified  17  inch  commercial  color  television  receiver- 
Sony  type  1720,  a  stimulus  request  button,  and  a  hand  held 
response  box),  a  pattern  generator  to  produce  the  signals  re¬ 
quired  to  generate  the  sine  wave  grating  displays,  a  multiplex 
controller  which  interfaces  the  digital  computer  to  the  pattern 
generator,  and  the  digital  computer  which  controls  the  display, 
records  responses  and  computes  the  results. 


System  Diagram  Showing  Equipment  Interconnections 
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Required  Modifications 

Several  additional  mod  if ications  to  the  equipment  were 
required  to  accomplish  the  present  research.  Specifically, 
the  pattern  generator  circuit  had  to  be  modified  to  allow 
presentation  of  a  2  period  forced  choice  stimulus.  The  method 
of  providing  a  horizontal  synchronization  signal  was  changed 
to  provide  stability  and  allow  continuous  variation  of  the 
test  stimulus  frequency.  The  adapting  grating  generator  was 
modified  to  allow  the  adapting  grating  to  drift  continuously 
across  the  screen.  Finally,  the  method  of  changing  the  bright¬ 
ness  level  of  the  display  was  modified  to  eliminate  long  time 
constant  transients  in  the  display  brightness.  Each  of  these 
modifications  is  described  in  Appendix  A  which  also  includes 
the  current  schematic  diagrams  of  the  modified  circuits. 


IV.  Experimental  Procedure 

Laboratory  Setting 

The  experiments  were  conducted  in  a  room  with  no  windows. 
The  only  sources  of  illumination  during  a  test  were  the  TV 
screen  display  itself,  and  a  five  foot  square  surrounding  the 
display  which  was  illuminated  by  an  overhead  projector.  The 
average  luminance  of  the  screen  was  either  35.0  foot  lamberts 
for  a  bright  stimulus  or  3.50  foot  lamberts  for  a  dim  stimulus. 
The  surround  luminance  could  not  be  changed  during  a  test  and 
was  therefore  set  at  11.5  foot  lamberts,  the  geometric  mean  of 
the  two  possible  screen  luminances.  The  overhead  projector 
was  enclosed  in  an  equipment  cabinet  to  prevent  distraction 
of  the  subject. 

The  stimulus  display  itself  was  a  10  inch  diameter 
circular  mask  through  which  the  17"  cathode  ray  tube  (CRT)  was 
viewed  at  a  distance  of  24  feet.  This  stimulus  subtends  2 
degrees  of  the  subject's  visual  field.  To  aid  the  subject  in 
fixing  his  attention  on  the  stimulus  area,  a  small  (V  dia¬ 
meter)  black  dot  has  been  affixed  to  the  center  of  the  screen. 

The  subject  sits  in  a  comfortable  chair,  holds  the 
stimulus  request  button  in  one  hand,  and  rests  the  other  hand 
on  the  hand-held  response  box  (HR3).  A  partition  separates 
the  operator  and  stimulus  control  equipment  from  the  subject. 
This  allows  the  operator  to  monitor  the  progress  of  the 
experiment  without  distracting  the  subject. 
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Experimental  Paradigm 

The  basic  experiment  consists  of  a  two-alternative  forced 
choice  test.  While  viewing  an  adapting  stimulus  (either  an 
adapting  grating  or  a  blank  screen),  the  subject  pushed  the 
stimulus  request  button  to  receive  the  test  stimulus.  The 
test  stimulus  consisted  of  two  short  duration  periods  each 
marked  by  an  audible  tone.  These  two  periods  were  separated 
from  each  other  and  from  the  adapting  stimulus  by  blank  screen 
periods  at  the  average  luminance  of  the  test  stimulus.  One 
of  the  tone-marked  stimulus  periods  contained  the  test  grating 
and  the  other  was  a  blank  screen  of  the  same  average  luminance. 
The  subject  then  had  to  respond  in  which  period  he  saw  the 
test  grating.  Even  if  he  was  not  certain  he  could  see  grating 
or  was  sure  he  could  not  see  a  grating  in  either  period,  the 
subject  was  forced  to  choose  either  "period  one"  or  "period 
two"  as  a  response  by  pushing  the  appropriate  button  on  the 
HRB. 

Before  actual  testing  began  the  appropriate  intervals  for 
the  stimuli  and  between  stimulus  gaps  had  to  be  determined. 
Based  on  the  discussion  by  Scheidegg  (Ref  16:24)  on  the  choice 
of  a  stimulus  interval,  it  was  decided  to  keep  the  entire 
test  interval  at  approximately  500  milliseconds. 

Initial  testing  without  gaps  at  the  beginning  and  end  of 
the  test  period  made  it  extremely  difficult  to  see  the  test 
stimulus  even  at  high  contrast  levels.  Also  it  was  noted 
that  if  the  stimulus  timing  was  a  symmetric,  the  subjects  had 
trouble  distinguishing  between  the  two  periods  even  when  the 
inter- stimulus  gap  was  150  msec.  The  test  stimulus  was 
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initially  set  at  100  msec  but  was  changed  to  200  msec  when 
the  subjects  indicated  that  it  was  too  short  and  caused 
problems  in  deciding  in  which  stimulus  period  they  actually 
saw  the  stimulus. 

The  timing  for  the  resulting  test  stimulus  interval  is 
shown  in  figure  4.  The  top  line  indicates  whether  the 
adapting  luminance  or  test  luminance  is  on  the  screen.  In 
addition,  the  sine  wave  signal  indicates  the  actual  time  the 
test  grating  is  present  on  the  screen.  The  example  shown  is 
for  the  test  stimulus  in  period  one.  The  second  line  indi¬ 
cates  the  presence  of  the  tone  marking  the  two  test  periods. 

Each  test  to  determine  a  subject's  contrast  sensitivity 
at  a  particular  spatial  frequency  consisted  of  a  series  of 
forced  choice  trials  as  described  above.  The  presentation 
of  these  trials  was  under  computer  control.  A  listing  of  the 
computer  program  used  for  these  experiments  can  be  found  in 
Appendix  £.  The  algorithm  used  to  determine  the  threshold  is 
described  below. 

The  first  trial  in  each  test  was  at  a  contrast  level 
well  above  the  subjects  threshold.  If  the  subject  responded 
correctly  3  times  the  contrast  was  decreased  6  contrast  steps, 
where  each  step  was  *05  log  units.  The  subject  was  again 
presented  three  trials.  When  a  wrong  answer  was  given  the 
contrast  was  raised  2  contrast  levels.  Now  the  subject  was 
presented  a  series  of  n  trials  at  this  contrast  level  where 
n  is  determined  by  an  input  to  the  program  (n=l0  was  used  for 
this  research).  If  the  subject  responded  correctly  to  more 
than  90  percent  of  these  trials  the  main  run  could  begin.  If 
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Fig.  4  Two  Period  Forced  Choice  Test  Stimulus  Timing  Diagram 


not,  the  contrast  level  was  raised  two  steps  and  the  trials 
repeated  until  a  level  was  reached  where  the  subject  responded 
correctly  to  more  than  90  percent  of  the  trials. 

The  main  run  consisted  of  a  series  of  not  more  than  7 
sets  of  10  trials  each  starting  at  the  contrast  level  where 
the  subject  responded  correctly  to  more  than  90  percent  of  the 
trials  and  decreasing  one  contrast  level  at  the  end  of  each 
set.  The  percent  of  correct  response  was  recorded  for  each 
set  of  trials.  This  was  continued  until  7  sets  of  trials  were 
completed  or  until  the  subject  had  responded  correctly  to  less 
than  60  percent  of  the  trials  in  any  two  sets.  The  results 
of  these  trials  were  then  plotted  as  percent  correct  versus 
contrast  sensitivity.  An  example  of  this  is  shown  in  figure 
5.  The  threshold  was  determined  from  this  graph  as  the  con¬ 
trast  sensitivity  at  which  a  smooth  curve  drawn  through  the 
data  points  crossed  the  75  percent  correct  point  as  shown. 


Data  Requirements 

In  order  to  be  able  to  quantify  and  compare  the  adaptation 
effects  it  was  necessary  to  first  obtain  a  complete  set  of 


data  for  each  subject  with  no 
set  consists  of  four  contrast 

Adapt  Luminance 

1.  Bright 

2.  Dim 

3.  Bright 


adapting  grating  present.  This 
sitivity  curves  as  follows: 

Test  Luminance 
bright 
Dim 
Dim 
Bright 
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Dim 


Once  this  set  of  data  has  been  obtained  it  can  be  used  as  a 
base  line  to  determine  the  effects  of  the  adapting  grating. 
It  can  also  be  used  to  normalize  the  results  so  that  a  com¬ 
parison  between  subjects  can  be  made. 

The  desired  set  of  data  for  adapting  gratings  would  be 
the  same  set  of  4  curves  as  above  for  both  a  drifting  and 
stationary  grating.  This  was  realized  to  be  an  unrealistic 
goal,  however,  because  of  the  time  required  to  obtain  each 
curve  (two  to  three  hours)  and  in  view  of  the  lingering 
effects  of  adaptation  which  Smith  reported  to  be  present  as 
much  as  48  hours  after  adapting  (Ref  17:34). 


The  contrast  sensitivity  curves  contained  in  this  sect¬ 


ion  were  determined  by  a  version  of  the  two-alternative 
forced-choice  procedure  as  described  in  section  IV.  In  all, 

5  subjects  were  tested  using  this  experimental  procedure. 

Only  2  of  the  subjects  were  tested  extensively,  and  their  data 
constitutes  the  major  portion  of  this  section. 

Many  of  the  curves  in  this  section  represent  averaged 
data  or  data  that  has  been  manipulated  to  aid  in  comparison; 
they  are  annotated  as  such.  All  of  the  original  test  results 
are  contained  in  Appendix  F.  Data  manipulations  are  dis¬ 
cussed  where  they  are  first  used. 

The  two  principal  subjects  were  both  familiar  with  the 
experimental  paradigm  and  the  test  structure.  One  subject 
(MJK)  was  much  more  familiar  than  the  other.  Subject 
familiarity  with  the  equipment  and  procedures  was  not  con¬ 
sidered  to  affect  the  test  results  in  any  way.  The  two- 
alternative  forced-choice  procedure  provides  an  unbiased 
estimate  of  the  threshold. 

Subject  MJK  participated  in  the  earlier  research  of  Smith 
(Ref  17)  and  Scheidegg  (Ref  16),  where  the  "phantom  grating" 
had  created  a  problem.  He  reported  that  while  this  grating 
was  still  present,  it  was  no  longer  confused  with  the  test 
stimulus.  Now  the  phantom  grating  appeared  in  both  stimulus 
presentation  periods,  and  it  was  known  that  the  test  stimulus 
was  present  only  in  one  period.  The  second  subject  (SDP)  also 
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reported  seeing  the  phantom  grating,  and  also  indicated  that 
it  presented  no  problem  in  determining  which  period  contained 
the  test  stimulus.  The  problem  of  unreliable  and  inconsistent 
data  resulting  from  the  phantom  grating,  as  reported  by  Smith 
(Ref  17),  was  eliminated  with  the  two-alternative  forced- 
choice  procedure. 

The  four  curves  in  figure  6  represent  the  baseline  data 
for  subject  MJK.  They  represent  the  results  of  tests  for  the 
four  possible  combinations  of  luminance  levels  (Bright-Bright, 
Dim-Dim,  Bright-Dim,  Dim-Bright)  for  the  adapting  and  test 
stimuli.  Each  of  the  curves  is  the  result  of  tests  with  an 
adapting  stimulus  of  0  cycles/degree  or,  in  other  words,  no 
adapting  grating,  just  a  uniform  field  at  the  indicated 
luminance  level. 

It  is  interesting  to  note  that  the  curves  follow  two 
different  trends  below  and  above  a  crossover  of  approximately 
6  cycles /degree.  Below  6  GPD  the  curves  in  which  the 
luminance  level  changed  are  depressed  with  respect  to  those 
in  which  no  luminance  change  occured.  Above  6  CPD,  however, 
the  adapt  dim-test  dim  curve  rolls  off  crossing  the  adapt  dim- 
test  bright  curve  which  rises  to  just  below  the  adapt  bright- 
test  bright  curve. 

The  known  effects  of  average  luminance  on  contrast 
sensitivity  (Ref  1:554,  13:690)  account  for  the  roll  off  of 
the  adapt  dim-test  dim  curve  above  6  CPD.  The  rise  of  the 
adapt  dim-test  bright  curve  is  not  as  easily  explained.  There 
are  no  existing  experimental  data  that  will  explain  why  the 
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depression  of  the  adapt  dim-test  bright  curve  evident  at  low 
spatial  frequencies  is  almost  negligible  at  high  spatial 
frequencies. 

From  figure  6  it  appears  that  the  effect  for  bright-dim 
and  dim-bright  luminance  changes  causes  about  the  same 
depression  in  contrast  sensitivity  below  6  CPD.  Above  6  CPD, 
however,  while  the  adapt  dim-test  bright  transition  produces 
almost  no  depression  in  contrast  sensitivity,  the  adapt 
bright-test  dim  transition  results  in  even  greater  relative 
depression  than  below  6  CPD. 

The  same  test  of  4  curves  for  subject  SDP  are  shown  in 
figure  7.  The  curves  follow  the  same  general  trends  as  dis¬ 
cussed  above  for  subject  MJK.  The  major  difference  is  that 
in  general  subject  SDP's  contrast  sensitivity  is  higher  than 
that  of  MJK.  Also,  while  there  is  some  depression  of  the 
contrast  sensitivity  for  subject  MJK  above  6  CPD  as  a  result 
of  the  adapt  dim-test  bright  transition,  there  is  no  depress¬ 
ion  for  subject  SDP.  Finally,  the  greater  contrast  sensitiv¬ 
ity  depression  above  6  CPD  than  below,  resulting  from  the 
adapt  bright-test  dim  transition  for  subject  MJK  is  even  more 
apparent  for  subject  SDP, 

The  curves  in  figures  6  and  7  form  the  baseline  for 
comparison  of  the  spatial-frequency-specific  adaptation  effects 
for  different  adapt-test  luminance  level  combinations  and 
between  the  two  subjects.  The  data  shown  in  these  figures  are 
used  to  normalize  the  frequency  specific  adaptation  test 
results  in  an  attempt  to  remove  any  differences  between  curves 


21 


CONTRAST  SENSITIVITY 


22 


that  Is  not  directly  related  to  the  adapting  grating. 

The  specific  method  of  normalization  that  was  used  is  as 
follows. 

Relative  Contrast  Sensitivity  Depression  = 

Contrast  Sensitivity  (0  adapt)  -  Contrast  Sensitivity  (adapt) 
Contrast  Sensitivity  (0  adapt) 

Assuming  that  the  contrast  sensitivity  measured  with  an 
adapting  grating  present  is  always  less  than  or  equal  to  the 
contrast  sensitivity  without  an  adapting  grating,  the  relative 
contrast  sensitivity  depression  will  always  be  a  number 
between  0  and  1. 

Figure  8  shows  the  relative  contrast  sensitivity  depress¬ 
ions  for  adapt  bright-test  bright  adapt  dim-test  bright  and 
adapt  bright-test  dim  for  subject  MJK.  The  adapting  stimulus 
in  each  case  was  a  6  CFD  drifting  grating  at  20%  contrast. 

The  general  shape  and  extent  in  spatial  frequency  of  these 
curves  compare  favorably  with  the  results  of  similar  adapta¬ 
tion  experiments  by  Tolhurst  (Ref  18)  as  well  as  with  the 
results  of  a  spatial  frequency  masking  experiment  by  Legge  (Ref  10). 

There  is  no  evidence  in  either  of  the  adapt-test  luminance 
change  curves  of  figure  8  that  indicates  a  shift  in  the  peak 
contrast  sensitivity  away  from  the  6  CPD  adapting  frequency. 

This  result  might  be  expected  for  a  drifting  adaptation  grating 
if  the  proposed  reorganization  were  purely  retinal.  For  this 
reason  the  tests  were  repeated  using  a  fixed  or  stationary 
adapting  grating. 


Fig.  8  Relative  Contrast  Sensitivity  Depression  for  MJK. 


Figure  9  shows  the  relative  contrast  sensitivity  depress¬ 
ion  for  a  6  CPD  stationary  adapting  grating,  adapting  bright 
and  testing  dim  for  subject  MJK.  The  adapt  bright-test  bright 
and  adapt  bright-test  dim  curves  of  figure  8  are  also  shown 
for  comparison.  There  is  no  significant  change  in  the  relative 
contrast  sensitivity  depressions  of  the  drifting  and  stationary 
adapting  grating. 

The  adapt-bright  test-dim  experiment  using  a  6  CPD 
drifting  adaptation  grating  was  also  performed  using  subject 
SDP.  The  results  of  the  test  are  shown  in  figure  10  along 
with  corresponding  curve  for  subject  MJK.  Here  again  the 
results  indicate  that  there  is  no  significant  indication  of 
any  shift  in  the  peak  adaptation  depression  away  from  the 
6  CPD  adapting  frequency. 

Circumstances  and  time  limitations  did  not  allow  veri¬ 
fication  of  the  other  results  with  subject  SDP. 

Observations  made  during  the  course  of  the  experiments 
resulted  in  the  investigation  of  two  additional  aspects  of 
contrast  sensitivity.  The  first  of  these  was  the  length  of 
the  adaptation  depression  recovery  following  an  extended 
period  of  adaptation.  The  second  deals  with  a  high  frequency 
ripple  that  was  observed  in  the  contrast  sensitivity  response. 

Smith  (Ref  17:33-34)  indicates  that  the  effects  of 
prolonged  adaptation  can  be  observed  for  up  to  48  hours  after 
a  test  with  an  adapting  stimulus.  After  observing  a  similar 
effect  24  hours  after  an  adaptation  test  a  series  of  experi¬ 
ments  was  conducted  to  determine  the  long  term  effects  of 
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RELATIVE  SENS  IT  I 


Relative  Contrast  Sensitivity  Depression  for  KJK 
(Drifting  versus  Fixed  Adaptation  Grating) 
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adaptation. 

Figure  11  shows  the  results  for  adapting  to  a  6  CPD 
grating  and  then  testing  at  6  CPD  after  the  adapting  grating 
had  been  turned  off.  The  three  curves  are  as  indicated  for 
1,  5,  and  20  minutes  of  adaptation  before  testing.  Two 
observations  can  be  made  from  these  curves.  First  it  is 
apparent  that  the  longer  the  adapting  period  the  greater  the 
depression.  Second  is  that  the  recovery  rate  is  very  rapid 
with  all  three  curves  having  returned  to  within  90%  of  the 
unadapted  value  within  40  minutes  after  adapting. 

With  the  rapid  recovery  from  the  effects  of  adaptation 
it  was  apparent  that  the  actual  value  of  the  depression  had 
not  been  determined.  In  the  next  experiment  the  adapting 
grating  was  turned  on  and  testing  began  immediately.  Some 
time  later  the  adapting  grating  was  turned  off  but  consecutive 
tests  continued.  In  this  manner  the  depression  as  well  as  the 
recovery  effects  could  be  noted.  Figure  12  shows  the  results 
of  this  experiment.  The  dark  bar  directly  above  the  time 
axis  indicates  when  the  adapting  grating  was  present.  From 
this  figure  it  can  be  seen  that  with  increased  periods  of 
adaptation,  the  recovery  period  is  increased  not  only  as  a 
result  of  greater  depression  but  also  the  actual  rate  of 
recovery  is  reduced.  In  addition  with  the  increased  adaptation 
the  initial  level-off  following  adaptation  is  lower.  Follow¬ 
ing  the  second  adaptation  period  in  figure  12  the  sensitivity 
rises  to  175  and  then  seems  to  level-off.  This  is  25%  below 
the  original  unadapted  value  of  234.  It  is  apparently  thi3 
secondary  recovery  period  that  Smith  observed. 
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Fig.  11  Contrast  Sensitivity  Depression  at  6  CPD  for  Various  Duration  Adaptation  at  6  CPD 


Sensitivity  Depression  and  Recovery  at  6  CPD  for  6  CPD  Adapting  Grating 


The  secondary  recovery  period  is  shown  in  figure  13.  This 
is  a  continuation  of  the  recovery  from  the  last  adaptation 
period  in  figure  12.  A  test  4  hours  after  the  adaptation 
grating  had  been  removed  showed  the  sensitivity  still  depressed 
more  than  15%  below  the  unadapted  value.  In  a  test  the  follow¬ 
ing  morning  the  sensitivity  had  returned  to  the  unadapted  value. 

Finally  figure  14  shows  the  recovery  after  adaptation 
periods  of  several-hours  duration  on  9,  11  and  12  October. 

Tests  on  the  15th  and  16th,  three  days  after  adaptation,  still 
show  a  depression  of  25%  and  a  test  7  days  after  adaptation 
indicates  that  the  effects  have  vanished.  Unfortunately  these 
data  were  extracted  from  other  tests  and  the  points  shown  are 
the  only  data  available. 

The  second  observation  that  led  to  further  investigation 
was  a  slight  dip  in  the  contrast  sensitivity  curve  at  6  CPD. 

At  first  this  was  thought  to  be  a  long  persistant  adaptation 
effect  but  was  also  observed  for  a  subject  who  had  not  been 
exposed  to  an  adapting  grating. 

The  modification  to  the  synchronization  circuit  in  the 
display  generator  allowed  continuous  adjustment  of  the  test 
frequency  and  thus  a  high  resolution  spatial  frequency  invest¬ 
igation  of  this  dip.  Only  minor  modifications  to  the  control 
program  were  required. 

Figure  15  shows  the  results  of  a  high  resolution  test 
for  subject  MJK.  The  dips  are  very  apparent  and  are  periodic 
over  the  range  tested  with  a  period  of  approximately  .7  CPD 
between  successive  dips.  The  test  was  repeated  with  subject 
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SDP  who  had  not  recently  been  exposed  to  an  adapting  grating. 
The  tests  were  done  over  a  wider  range  of  spatial  frequencies 
and  with  slightly  less  resolution.  The  results  are  shown  in 
figure  16.  The  dips  are  also  very  apparent  here  and  have  the 
same  period  of  approximately  .7  CPD.  The  dips  also  occur  at 
the  same  spatial  frequencies  as  for  subject  MJK. 

A  third  test  was  conducted,  this  time  for  subject  WAC 
whose  overall  response  curve  differs  greatly  from  that  of 
either  SDP  or  MJK.  The  results  are  shown  in  figure  17.  The 
ripple  effect  is  also  apparent  for  this  subject  although  the 
size  of  the  individual  dips  is  greatly  reduced  and  almost 
disappears  at  the  higher  spatial  frequencies  as  the  response 
curve  rolls  off  rapidly. 

From  the  results  of  WAC  it  appears  that  the  effect 
diminishes  as  the  contrast  is  increased.  This  is  also  support¬ 
ed  by  comparing  the  results  of  SDP  and  MJK.  SDP's  overall 
sensitivity  is  higher  than  that  of  MJK  and  the  dips  in  his 
response  curve  are  also  greater. 

Kelly  (Ref  8)  reported  a  similar  ripple  effect  in  con¬ 
trast  sensitivity  measurements  as  a  result  of  edge  effects  for 
small  windows.  The  period  of  the  dips  from  his  calculations, 
however,  were  .5  CPD  not  the  .7  CPD  that  was  observed  here. 

All  additional  attempts  to  explain  the  occurance  of  these 
ripples  in  terms  of  the  spatial  frequency  transform  charact¬ 
eristics  of  the  display  window  failed  to  produce  any  useful 
theoretical  model. 
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VI.  Conclusion 


The  results  indicate  that  there  is  no  apparent  shift  in 
the  frequency  specific  adaptation  depression  resulting  from  a 
change  in  the  average  luminance  of  the  visual  stimulus. 

While  this  contradicts  the  results  presented  by  Smith  (Ref  17), 
evidence  of  ripples  in  the  contrast  sensitivity  response  have 
been  presented  that  could  account  for  his  findings.  The  results, 
in  any  case,  neither  confirm  nor  deny  the  existence  of  center- 
surround  receptive  fields  whose  organization  changes  in 
response  to  luminance  changes  in  the  visual  field.  The  results 
only  indicate  that  any  change  that  occurs  is  not  evidenced  by 
a  shift  in  the  frequency  specific  adaptation  depression  as  was 
originally  predicted,  unless  the  shift  is  small  compared  to 
the  one  cycle  per  degree  resolution  of  this  experiment. 

The  results  obtained  for  tests  without  adaptation  are 
evidence  that,  in  fact,  some  change  does  occur  in  the  visual 
system  as  a  result  of  a  change  in  average  luminance.  The  fact 
that  this  change  is  not  evidenced  in  the  manner  predicted  by 
the  model  is  only  an  indication  that  the  model  is  not  completely 
correct.  That  the  model  is  correct  in  other  instances  indi¬ 
cates  that  any  simple  model  is  perhaps  inadequate  to  describe 
the  complex  organization  of  the  visual  system. 
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VII.  Recommend  a  t ion  s 


The  single  most  important  recommendation  that  can  be 
made  is  the  need  for  investigation  of  the  high  frequency 
ripple  observed  in  the  contrast  sensitivity  curve.  Until  the 
origin  of  this  ripple  is  determined  and  it  is  eliminated  or 
at  least  quantified  there  will  be  some  question  in  any  data 
obtained  using  this  equipment.  This  is  a  most  important 
consideration  and  should  be  accomplished  before  any  further 
tests  are  conducted. 

A  second  recommendation  is  that  the  circuit  that  provides 
the  timing  for  the  2  interval  forced  choice  stimulus  should 
be  hard  wired  to  insure  reliable  operation  during  future 
experiments.  This  circuit  currently  is  constructed  on  an 
Elite  1  design  board. 

Finally,  additional  experiments  should  be  conducted  to 
confirm  the  results  of  this  research.  In  particular  the  tests 
should  be  repeated  using  an  adapting  grating  frequency  other 
than  6  CPD.  The  reason  for  this  is  that  6  CPD  is  the  approxi¬ 
mate  frequency  for  the  crossover  of  the  luminance  changes 
effects  noted  in  the  unadapted  baseline  curves  for  both 
subjects  tested.  Since  the  effects  for  luminance  changes  are 
different  above  and  below  6  CPD  data  using  an  adapting  grating 
in  both  these  areas  should  be  obtained. 
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Appendix  A 


Equipment  Conf iguration 

This  appendix  contains  the  current  schematic  diagrams  for 
the  equipment  that  was  modified  during  this  research.  As 
discussed  in  section  III,  four  modifications  of  the  equipment 
were  required.  Each  of  these  modifications  is  described  in 
this  appendix. 

The  addition  of  a  two  period  forced  choice  stimulus  was 
the  most  significant  change  made  to  the  equipment.  The  original 
equipment  allowed  only  a  single  test  stimulus  period  in  each 
trial.  The  two  alternative  forced  choice  test  requires  two 
test  stimulus  periods  in  each  trial.  Both  of  these  periods 
must  he  marked  so  that  they  can  be  easily  identified  by  the 
subject.  This  marking  was  accomplished  by  use  of  an  audible 
tone  which  was  turned  on  only  during  the  two  stimulus  periods. 

A  schematic  of  the  resulting  two  period  stimulus  timer  is  shown 
in  figure  18. 

The  stimulus  timer  shown  in  figure  18  was  interfaced  with 
the  pattern  generator  replacing  the  single  interval  timer  in 
the  pattern  generator.  A  timing  diagram  for  this  two  period 
timer  is  shown  in  figure  19.  The  time  intervals  shown  are  those 
used  in  this  research.  The  external  timing  resistors  on  each 
of  the  one-shot  timers  can  be  adjusted  to  produce  a  different 
timing  sequence  if  required. 

A  means  of  having  the  adapting  grating  drift  slowly  across 
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the  screen  was  desired.  This  required  the  generation  of  a 
sine  wave  signal  at  the  adapting  frequency  that  drifted 
continuously  with  respect  to  a  reference  sine  wave.  Two  sine 
waves  90  degrees  out  of  phase  and  at  the  adapting  frequency 
were  modulated  by  two  low  frequency  sine  waves  of  the  same 
frequency  (2  Hertz)  and  also  90  degrees  out  of  phase.  This 
was  accomplished  using  the  voltage  controlled  amplitude  (VCA) 
feature  of  two  Wavetek  Model  186  5  MHz  phase  lock  sweep 
generators.  The  resulting  signals  were  summed  using  an 
operational  amplifier.  The  output  of  this  amplifier  is  a  sine 
wave  at  the  adapting  frequency  that  drifts  continuously  with 
respect  to  the  original  signals. 

Figure  20  is  a  diagram  of  the  equipment  connections 
required  to  produce  this  drifting  adapting  grating.  As  shown, 
the  output  of  the  operational  amplifier  is  not  used  directly 
for  the  adapting  grating  signal  but  is  used  to  phase  lock 
another  Wavetek  generator.  This  was  done  to  eliminate  the 
slight  amplitude  variation  present  in  the  output  signal  and 
to  allow  adjustment  of  the  adapting  grating  amplitude 
independent  of  the  drifting  circuitry. 

The  final  two  modifications  to  the  equipment  resulted 
from  the  need  to  eliminate  transients  in  the  display  brightness 
which  occured  when  switching  between  the  adapting  and  test 
stimulus.  The  first  involves  the  method  of  generating  and 
providing  horizontal  synchronization  to  the  television  receiver 
and  the  second  is  directly  related  to  the  method  of  changing 
brightness  between  a  bright  and  a  dim  stimulus. 


A  brightness  level  change  was  noted  when  switching  from 
the  adapting  to  test  stimulus  when  both  were  at  the  same 
luminance  level.  The  source  of  this  change  was  traced  to  the 
length  of  the  interval  between  horizontal  synchronization 
pulses.  The  exact  length  of  this  interval  was  dependant  on 
the  frequency  of  the  grating  signal  and  varies  by  several 
microseconds  when  the  test  signal  generator  frequency  was 
varied.  A  one  microsecond  change  in  the  length  of  this 
interval  produced  a  brightness  change  of  several  foot  lamberts 
in  the  bright  luminance  display.  Adjustment  of  the  test 
frequency  generator  in  an  attempt  to  eliminate  this  brightness 
change  was  unsuccessful;  resulting  in  either  an  unstable 
display  or  the  wrong  spatial  frequency. 

This  problem  was  corrected  by  separating  the  horizontal 
synchronization  signal  from  the  video  input.  The  horizontal 
synchronization  signal  is  derived  only  from  the  adapting 
signal  generator.  The  horizontal  synchronization  pulses  are 
then  used  as  input  to  the  gate  of  the  Wavetek  Model  186  signal 
generator  used  for  the  test  grating.  This  insures  that  the 
test  grating  will  be  synchronized.  Only  the  video  signal 
itself  is  switched  when  changing  from  the  adapting  to  the  test 
stimulus  eliminating  the  possibility  of  any  brightness  change 
from  a  change  in  the  horizontal  synchronization  signal,  since 
the  horizontal  synchronization  signal  does  not  change.  The  use 
of  the  gate  feature  of  the  Wavetek  generator  also  allows  cont¬ 
inuous  adjustment  of  the  test  grating  frequency  while  main¬ 
taining  synchronization. 
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Finally,  a  slow  time  constant  transient  was  observed  when 


the  intentional  brightness  change  was  made  when  switching 
between  the  adapting  stimulus  at  one  luminance  level  and  the 
test  stimulus  at  another  luminance  level.  This  transient 
lasted  several  hundred  milliseconds  and  produced  a  significant 
difference  between  the  luminance  levels  of  the  first  and 
second  periods  of  the  two  period  test  stimulus. 

The  transient  in  the  brightness  level  was  eliminated  by 
modifying  the  method  of  changing  the  luminance  level. 
Originally  the  luminance  level  was  changed  by  switching  the 
resistance  in  the  brightness  control  circuit.  Now  the  DC 
level  of  the  video  input  is  used  to  change  the  brightness. 

This  is  accomplished  by  changing  the  DC  offset  voltage  at  the 
input  to  the  last  operational  amplifier  (A6)  in  the  video 
chain  of  the  pattern  generator  as  shown  in  figure  21,  the 
schematic  diagram  of  the  pattern  generator. 
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Fig.  18  Two  Period  .stimulus  Timer  schematic  Diagram 


Time  (milliseconds) 

Fig.  19  Two  Period  Stimulus  Timer  Timing  Diagram 


Fig.  20  Adapting  Grating  Generator  Schematic  Diagram 


rABLE  I 


Pattern  Generator  Component  List 


Component  Number 

Value 

Rl,  R24,  R26 

1200 

R2,  R8 

8200 

R3,  R29 

180 

R4 

3300 

R5,  R6 

15000 

R9*,  R21,  R22, 

R30*,  R32*,  R33 

10000 

Rll,  R12,  R13, 

R15,  R17,  R20 

2200 

R14,  R16,  R18, 

R19,  R23 

500 

R25 

100 

R27 

68 

R28 

470 

R31 

12000 

R34 

6800 

Cl,  C6 

.01 

C2,  C3,  C4,  C7 

.1 

C5 

.003 

Component  Number 

Description 

Cl,  D2,  C3,  D4 

IN 9 14** 

Q1 

HEP50 

Q2,  Q3 

HEP709 

Al,  A2 

%SN72558 

A3,  a4,  a5 

MC1445 

A6 

LM318 

MM1,  MM2 

SN74121 

Note:  Resistances 

are  in 

ohms.  Capacitances  in 
mfd . 

*  Variable  resistors 
**  Any  silicon  diode  is 
suitable 
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TA3LE  II 


Pattern  Generator  Edge  Connector  Signals 


Pin 

Signal 

Pin 

S ignal 

l 

A 

+  5  Volts 

2 

9  Volt  60Hz  In 

B 

AC  GND 

3 

C 

4 

Vertical  Sync  Out 

D 

GND  (  V.  Sync  ) 

5 

Adapt  Pattern  In 

E 

GND  (  Adapt  ) 

6 

F 

7 

Test  Pattern  In 

H 

GND  (  Test  ) 

8 

J 

+  15  Volts 

9 

Contrast  DAC  In 

iC 

10 

L 

11 

M 

12 

Video  out 

N 

13 

P 

14 

FF  H  J 

R 

FF  a  K 

15 

ff  -n  Q 

S 

-  15  Volts 

16 

FF  H  Q 

T 

ff  n  j 

17 

U 

FF  *2  K 

18 

V 

19 

w 

20 

X 

-  5  Volts 

21 

Horizontal  Sync  Ref.  In 

Y 

GND  (  Horizontal  Sync 

22 

Z 

GND  (  System  ) 
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Appendix  B 


Equipment  Operating  Procedures 

This  appendix  describes  the  procedures  for  operating 
the  automated  system  to  determine  the  modulation  transfer 
function  (MTF)  of  the  human  visual  system.  These  procedures 
are  intended  for  use  with  the  equipment  configuration  described 
in  appendix  A  and  the  computer  program  contained  in  appendix  E. 

Any  modifications  to  the  equipment  or  program  may  require 
modification  of  these  procedures. 

The  first  step  in  preparing  for  an  experiment  is  to 
insure  that  all  equipment  is  turned  on  and  has  had  sufficient 
time  to  warm  up  to  provide  a  stable  output.  Typically  the 
television  line  voltage  power  supplies,  the  multiplex 
controller,  and  the  signal  generators  are  left  on  continuously 
because  of  the  long  warm-up  time  associated  with  these  items. 

The  television  set  should  be  turned  on  and  warm  up  for  from 
three  to  five  minutes.  The  teletype  and  monitor  oscilloscopes 
should  also  be  turned  on.  The  background  projector  should  be 
turned  on  and  the  blackout  dot  positioned  to  insure  that  the 
background  light  does  not  illuminate  the  grating  display. 

There  are  several  steps  that  can  be  accomplished  during 
the  equipment  warm-up  period.  The  controls  on  the  pattern 
generator  located  adajacent  to  the  display  must  be  set  to  the 
proper  positions  for  the  test  to  be  accomplished.  There  are 
three  controls  that  must  be  set  manually;  they  are  the  contrast 
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range  switch,  the  adapt  brightness  switch  and  the  test  bright¬ 
ness  switch. 

The  contrast  range  switch  should  be  set  to  position  1, 

2,  3,  4  or  5  corresponding  to  a  contrast  division  of  5,  2,  1, 
10  or  20  respectively.  The  setting  depends  on  the  particular 
test  and  the  subject  being  tested.  Typically  switch  position 
4  (divide  by  10)  can  be  used  for  most  tests  of  subjects  with 
normal  vision.  The  switch  setting  should  be  noted  for  sub¬ 
sequent  entry  into  computer  program. 

The  adapting  and  test  stimulus  luminance  levels  are 
selected  by  setting  the  first  two  switches  of  the  DIP  switch 
pack. 

The  line  voltage  power  supply  for  the  television  receiver 
should  be  checked  and  adjusted  if  necessary  to  be  110  +  0.5 
volts  AC.  This  voltage  can  affect  the  brightness  and  should 
be  checked  during  the  course  of  experimentation. 

The  final  check  to  be  made  before  returning  to  the 
operators  station  is  a  brightness  check.  This  is  accomplished 
by  observing  the  red  cathode  voltage  with  an  oscilloscope. 

The  baseline  of  the  horizontal  sweep  should  be  104  volts  for 
a  dim  stimulus  setting  and  36  volts  for  a  bright  stimulus 
setting. 

Several  checks  at  the  operators  station  must  be  completed 
before  the  experiment  can  begin.  The  teletypewriter  can  be 
used  to  provide  the  values  necessary  to  drive  the  multiplex 
controller  during  these  checks.  The  acoustic  coupler  must 
be  set  to  the  "local"  position  and  the  teletype  set  to  the 


"on-line"  position.  The  teletype  can  now  be  used  to  control 
the  equipment  with  commands  of  the  form  XXXNQQ  where  XXX  is 
the  control  value,  N  is  the  channel  of  the  controller  to 
receive  the  value  and  QQ  is  the  command  to  the  controller  to 
load  the  control  value. 

The  signal  generators  should  be  checked  to  insure  that 
they  are  turned  on  and  properly  connected  (see  Appendix  A, 
figures  20  and  21).  The  two  wavetek  generators  in  the 
adapting  grating  circuit  used  in  the  phase  lock  mode  should 
be  checked  for  lockup  and  adjusted  if  necessary.  All  three 
wavetek  Model  186  generators  in  the  adapting  circuit  should 
be  set  to  approximately  3.80  with  the  frequency  range  switch 
set  to  100  K. 

An  adapting  grating  should  be  displayed  on  the  screen. 
This  is  accomplished  by  entering  the  command  5003QQ  via  the 
teletype  keyboard.  If  the  equipment  is  properly  adjusted  the 
adapting  grating  should  be  drifting  smoothly  across  the 
screen.  If  the  motion  is  not  smooth,  it  can  be  corrected 
by  adjusting  the  controls  of  the  adapting  signal  generators. 
The  frequency,  amplitude  and  phase  controls  all  affect  this 
signal.  The  operator  should  become  familiar  with  effect  each 
of  these  controls  has  on  the  signal  by  adjusting  each  one 
while  observing  the  output  of  the  operational  amplifier  in 
the  adapting  signal  circuit  (see  figure  20). 

The  gate  signal  input  to  the  test  stimulus  generator 
should  be  checked  at  this  point.  The  gate  pulse  should  be 
47  microseconds.  This  signal  is  an  inverted  version  of  the 
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horizontal  synchronization  pulse  being  fed  to  the  Sony 
receiver.  The  length  of  this  pulse  can  be  adjusted  slightly 
by  adjusting  the  frequency  of  the  adapting  generator.  All 
three  generator  frequencies  must  be  adjusted  to  maintain 
phase  lock.  If  the  gate  pulse  is  off  by  more  than  a  few 
microseconds,  the  horizontal  synchronization  pulse  generator 
in  the  pattern  generator  circuit  will  have  to  be  adjusted  to 
obtain  the  required  47  microseconds  while  maintaining  the 
correct  adapting  grating  frequency  (see  figure  21). 

If  an  adapting  grating  is  to  be  used,  the  adapting  signal 
amplitude  should  be  adjusted  for  the  luminance  level  being 
used  (see  Appendix  D)  .  For  a  0.2  contrast  adapting  grating 
the  amplitude  should  be  0.8  volts  for  a  bright  luminance 
adapting  grating  or  0.24  volts  for  a  dim  luminance  grating. 

If  a  stationary  rather  than  a  drifting  grating  is 
required,  the  horizontal  synchronization  reference  line 
should  be  moved  to  the  "TTL  pulse  out"  terminal  on  the  final 
output  Wavetek  generator,  (see  Appendix  A,  figure  20). 

The  final  checks  to  be  made  are  for  the  test  grating. 

An  oscilloscope  should  be  connected  to  the  output  of  the  test 
generator  and  the  amplitude  adjusted  to  1.0  volts  peak-to- 
peak.  Also  a  check  of  the  spatial  frequency  should  be  made. 
When  the  control  word  0052QQ  is  entered  a  2  cycle  per  degree 
grating  should  appear  on  the  screen.  The  frequency  vernier 
should  be  adjusted  to  insure  that  the  frequency  is  exactly 
2  cycles /degree,  spatial  frequencies  3  thru  10  should  also 
be  checked  by  entering  the  DAG  control  values  from  Table  111 
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in  Appendix  C  for  each  frequency.  These  values  are  entered 
by  typing  XXX2QQ  where  XXX  is  the  value  from  Table  III. 

This  completes  the  equipment  checks.  The  acoustic 
coupler  should  now  be  placed  in  the  "half  duplex"  position, 
and  a  link  should  be  established  with  the  ASD  computer, 
following  normal  intercom  login  procedures.  Once  this  is 
completed,  the  MTF  computer  program  can  be  attached  and  the 
experiment  started. 

A  complied  version  of  the  MTF  computer  program  in 
Appendix  E  is  required  to  control  the  equipment,  and  should 
be  attached  following  standard  intercom  procedures.  In 
addition  to  this  the  CALCOMP  plot  routines  stored  in  the  ASD 
computer  system  under  the  name  CCAUX  must  also  be  attached. 

A  typical  login  and  execution  sequence  is  shown  in  figure  24. 
User  entries  are  underlined  for  identification.  The  MTF 
program  provides  prompting  for  all  user  inputs. 

Once  the  data  input  phase  of  the  program  has  been 
completed  and  verified  by  the  operator  the  test  begins. 

The  subject  requests  a  stimulus  by  pushing  the  stimulus 
request  button  (HRU).  He  then  enters  his  response  by  pushing 
the  appropriate  button  on  the  hand-held  response  box.  (The 
last  two  buttons  on  the  bottom  row  of  the  HRB  are  used  to 
enter  the  subject's  response.  These  two  buttons  produce  a 
and  a  "?"  and  correspond  to  "period  1"  and  "period  2" 
respectively.)  The  subject  then  waits  for  the  computers 
response  before  requesting  the  next  stimulus. 

The  operator  has  the  option  to  continue  or  stop  the 
program  at  the  end  of  each  test  sequence.  The  operator  qan 


also  abort  the  current  test  at  any  time  by  typing  a  "Q"  on 
the  teletype  in  place  of  the  subject's  response.  After 
stopping  the  program,  the  operator  should  route  the  data 
plots  to  the  AFIT  terminal  CALCOMP  plotter  following  standard 
intercom  routing  procedures. 
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*  ***  TEST  EXECUTION  *** 


Fig.  24  Sample  LOGIN  anP  Program  Execution 
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Appendix  C 


Calibration  Data 


This  appendix  contains  the  information  required  to 
produce  the  specific  spatial  frequency  gratings  for  both  the 
adapting  and  test  stimulus.  The  ability  to  consistantly 
produce  these  gratings  is  vital  to  the  accuracy  of  the 
experimental  results.  The  values  in  Table  III  are  used  in 
the  computer  program  to  control  the  test  grating  frequency 
via  the  VCG  input  to  the  Wavetek  Model  186  5  MHz  phase  lock 
generator  used  to  produce  the  test  grating  signal. 


Table  III 


Spatial  Frequency  Calibration  Data 


Spatial  Frequency  DAC  #2  Input 


2 

3 

4 

5 

6 

7 

8 
9 

10 


005 

060 

115 

170 

235 

295 

355 

415 

475 
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Appendix  L 


Contrast  Calabration  Data 

This  appendix  contains  the  contrast  calibration  data 
used  in  this  study.  Figure  25  shows  the  relation  between  the 
red  cathode  voltage  and  the  display  contrast.  The  contrast 
values  were  determined  by  measuring  the  luminance  levels 
using  a  model  1980  Pritchard  Photometer  and  the  formula 
described  in  section  I. 

Tables  IV  thru  XII  contain  the  test  stimulus  contrast 
calibration  values  for  2  thru  10  cycles  per  degree  respect¬ 
ively.  The  DAC  input  values  are  those  values  required  to 
produce  the  indicated  contrast  with  a  1  volt  peak-to-peak 
input  signaly  the  contrast  level  switch  set  to  position  2, 
and  a  bright  screen  luminance.  Table  XIII  shows  the 
contrast  sensitivity  values  for  each  of  the  5  possible 
switch  positions  and  the  2  possible  brightness  levels. 

A  contrast  of  0.2  was  used  for  the  adapting  stimulus. 

The  adapting  signal  peak-to-peak  input  voltages  required  to 
produce  this  contrast  for  a  6  CPD  adapting  grating  are  0.8 
volts  at  35.0  FL  and  0.24  volts  at  3.50  FL.  These  values 
were  determined  experimentally  by  adjusting  the  adapting 
signal  generator  amplitude  to  produce  the  required  red  cathode 
voltage  as  determined  from  figure  25. 


* 
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Fig.  25  Red  Cathode  Voltage  vs  Contrast  for  2  thru  10  cycles/degree 


TABLE  IV 


Fig.  ll  Pattern  Generator  Circuit  Layout  Component  Side 
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Append  Lx  E 


MTF  Computer  Program 

This  appendix  contains  a  complete  listing  of  the 
program  used  to  control  the  equipment  used  to  determine 
subject's  contrast  sensitivity  to  sine  wave  grating. 
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Appendix  F 


Ind ivldual  Data  Plots 

This  appendix  contains  a  complete  listing  of  each 
individual  test  that  was  completed  for  each  subject.  The  plots 
are  arranged  by  subject  and  date  with  the  exception  of  subject 
MJK.  Because  of  the  large  number  of  plots  for  subject  MJK 
they  are  subdivided  into  the  four  possible  adapt-test  stimulus 
luminance  combinations:  Bright-Bright,  Dim-Dim,  Dim-Bright  and 
Bright-Dim.  The  plots  are  then  arranged  by  date  within  these 
sections. 
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Fig.  28  MJK,  6Sep79 
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Fig.  29  MJtC,  6Sep79 
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Fig.  31  MJK,  I5uct79 
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Fig.  32  MJK,  I60ct79 
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Fig.  34  MJK,  !7oct79 
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Fig.  35  MJK,  18(Jct79 
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Fig.  37  MJK,  23uct79 
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Fig.  39  MJiC,  12oct79 
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Fig.  40  MJK,  150ct79 
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Fig.  43  HJtC,  240ct79 
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Fig,  47  MJK,  Various 
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Fig.  49  MJK,  5oct79 
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Fig.  50  MJK.,250ct79 
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Fig.  53  MJK,  !Nov79 
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Fig.  55  MJK,  9Nov79 
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Fig.  57  SDP,  Various 
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Fig.  58  SDP,  17Nov79 
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